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ABSTRACT

In two empirical studies, we examined the impact of speech rhythm on linguistic accommodation during
conversational interactions. We compared dyadic interactions between Spanish speakers using regular
and irregular rhythmic sentences structured by accentual feet (inter-stress intervals) and accentual
groups. Acoustic-prosodic features (fundamental frequency, speech rate, response times) and resem-
blance measures (Euclidean distances) were analyzed. Additionally, independent listeners rated rhyth-
mic resemblance between dyads. Linear mixed-effects models revealed greater resemblance in rhythm
and FO range, lower FO mean, and narrower FO range in interactions involving regular rhythmic sen-
tences arranged in accentual groups. No differences were observed in response times or convergence
measures between interlocutors across conditions. Some of our findings support the notion that rhythmic
accommodation operates through a multilevel non-conscious mechanism, similar to that proposed by
the interactive alignment model.
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La regularitat ritmica a nivell oracional i el fraseig en grups accentuals augmenten la simili-
tud lingiiistica entre parlants de castella

RESUM

En dos estudis empirics, vam explorar 1'impacte del ritme del discurs en 1'acomodacio lingiiistica durant
les interaccions conversacionals. Vam comparar interaccions diadiques entre parlants de castella utilit-
zant frases ritmiques regulars i irregulars estructurades per peus accentuals (intervals entre accents) i
grups accentuals. Es van analitzar caracteristiques acustiques-prosodiques (freqiiéncia fonamental, velo-
citat de parla, temps de resposta) i mesures de similitud (distancies euclidianes). A més, els oients van
valorar la similitud ritmica entre diades. Els models lineals mixtos van revelar una major semblanca en
el ritme i el rang de FO, una mitjana d'FO més baixa i un rang d'FO més reduit durant les interaccions amb
frases ritmiques regulars organitzades en grups accentuals. Alguns dels nostres resultats donen suport a
la idea que I'acomodaci6 ritmica opera mitjangant un mecanisme no conscient i multinivell, similar al
proposat pel model d'alineaci¢ interactiva.

MOTS CLAU

acomodacio lingiiistica; ritme del discurs; regularitat temporal; fraseig accentual; tasca de repeticié im-
mediata

La regularidad ritmica a nivel oracional y el fraseo en grupos acentuales aumentan la simili-
tud lingiiistica entre hablantes de espafiol

RESUMEN

En dos estudios empiricos, exploramos el impacto del ritmo del discurso en la acomodacion lingiiistica
durante las interacciones conversacionales. Comparamos interacciones diddicas entre hablantes de espa-
ol utilizando oraciones ritmicas regulares e irregulares estructuradas por pies acentuales (intervalos en-
tre acentos) y grupos acentuales. Se analizaron caracteristicas acusticas-prosodicas (frecuencia funda-
mental, velocidad del habla, tiempos de respuesta) y medidas de similitud (distancias euclidianas). Ade-
mas, los oyentes evaluaron la similitud ritmica entre diadas. Los modelos lineales mixtos revelaron una
mayor semejanza en el ritmo y en el rango de FO, una media de FO mas baja y un rango de FO mas
reducido durante las interacciones con oraciones ritmicas regulares organizadas en grupos acentuales.
Algunos de nuestros resultados respaldan la idea de que la acomodacion ritmica opera mediante un me-
canismo no consciente y multinivel, similar al propuesto por el modelo de alineacion interactiva.

PALABRAS CLAVE

acomodacion lingiiistica; ritmo del discurso; regularidad temporal; fraseo acentual; tarea de repeticion
inmediata




Rhythmic regularity and phrasing in Spanish dialogue

1. Introduction

The periodicity of auditory stimuli is crucial for
sound perception and processing (Jones et al.,
2002). While there is an ongoing debate in the field
of linguistics about whether this periodicity is inher-
ent in the acoustic speech signal or a perceptual con-
struct (e.g., Brown et al., 2015), it is generally ac-
cepted that speech rhythm influences behavioral co-
ordination, including linguistic interactions (e.g.,
Cummins, 2009). However, the exact mechanisms
underlying this influence remain unclear. Moreo-
ver, specific studies examining the impact of speech
thythm on linguistic interactions among Spanish
speakers are, to our knowledge, still lacking. The
present study aims to contribute to this gap by sys-
tematically analyzing how rhythmic regularity and
phonological phrasing shape linguistic accommoda-
tion in conversational settings.

As a starting point, we understood speech rhythm in
terms of temporally regular iterations of stressed
and unstressed syllables (as detailed in the next sec-
tion). We believe that there are different effects of
such temporal iterations on the outcomes of linguis-
tic accommodation between interlocutors depend-
ing on the type of phrasing in which the regularity
is implemented, specifically: accentual feet versus
accentual groups arrangements. In the remaining of
this section, we specify our stand on speech rhythm,
detail the two types of phrasing employed in the ex-
periments, and introduce the concept of linguistic
accommodation.

1.1. Speech rhythm

For nearly 70 years, and more intensively during the
past 30 years, linguists have been trying to establish
what speech rhythm is, and how can it be quantified
(Harris, 2015). Definition, validity, and underlying
mechanisms of speech rhythm are subjects of an on-
going discussion. For instance, in the opinion of Ar-
vaniti (2009), rhythm is not to be found in the acous-
tic speech signal or in the movements of the person
who speaks. Rather, it is probably better understood
as a link between the movement and the signal, a
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property of the act of speaking, and not of the
speech signal itself.

On the other hand, as believed by Gibbon (2015),
there is no such thing as speech rhythm, but speech
rhythms, which consist of “temporally regular iter-
ations of events which embody alternating strong
and weak values of an observable parameter” (p.
115). In this definition, an observable parameter is
a neutral concept between an auditory phenomenon
and a set of acoustic factors. Alternating strong and
weak values may also be referred to as loud-soft,
stressed-unstressed, prominent-nonprominent, and
even consonant-vowel.

Based on the aforementioned definition of speech
rhythm, advanced by Gibbon (2015), the following
restricted definition is employed in this paper: the
rhythm of speech consists of temporal iterations of
strong and weak values of lexical stress (i.e.,
stressed and unstressed syllables), which are consti-
tuted, in turn, by an unknown combination of dura-
tion, intensity, and pitch (further information about
lexical stress implementation in Spanish can be
found in Hualde, 2009). Note that this definition
may not be applicable to tone or pitch-accent lan-
guages, in which a broader view of rhythm, such as
a regular iteration of events, being either related to
prominence or to constituent boundaries, would be
more appropriate.

1.2. Phonological phrasing

In the experiments presented in this paper, we com-
pare the two most studied forms of phonological
phrasing in Spanish, both containing at least one
syllable: accentual feet, which primarily depend on
metric relations at the phonological level, and ac-
centual groups, which also rely on syntactic con-
nections between words.

Accentual feet are composed of a stressed syllable
(or vowel) and all following unstressed segments up
to the segment immediately preceding the next
stressed syllable (Almeida, 1993, 1997; Cantero,
2002). The minimal foot in Spanish may be a mon-
osyllable, as long as it is bimoraic (i.e., containing
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two moras; a mora is a time unit equivalent to a
short vowel: mes ‘month’, and so/ ‘sun’ are bi-
moraic syllables). Additionally, any monosyllabic
content word forms a foot (Grau, 2013). For exam-
ple (stressed syllables are represented by a number
1, unstressed syllables by a number 0, accentual feet
are shown in brackets):

(1) Pedro lo sabe (Peter knows it)
[Pedro lo] [sabe]
[100]  [10]
(2) Un perro gigante (A4 giant dog)
[Un] [perro gi] [gante]
[1] [100]  [10]

However, in some studies on Spanish phonology,
this particular type of phrasing is referred to as the
inter-stress interval (Dauer, 1983; Borzone & Si-
gnorini, 1983). For instance, in Borzone and Si-
gnorini (1983, p. 119), “inter-stress intervals were
measured from the consonant/vowel onset of the
syllable bearing the stress to the consonant/vowel
onset of the next syllable bearing stress.” These in-
ter-stress intervals, as presented in Dauer (1983) and
Borzone and Signorini (1983), are interpreted by
Toledo (2009, 2010) as accentual feet. Henceforth,
we will refer to this type of phrasing as accentual
feet.

Accentual groups in Spanish, on the other hand,
have been studied by several researchers, who
sometimes use different terms to describe them
(e.g., Alcoba, 2007; Almeida, 1997; Mora et al.,
1999). In this paper, we adopt the definition of ac-
centual group provided by Hualde and Nadeu
(2014), who refer to this type of phrasing principle
as a phonetic group: a morphological word and any
unstressed functional words preceding it. For exam-
ple (accentual groups are shown in brackets):

(3) Amistad verdadera (7rue friendship)
[Amistad] [verdadera]
[001] [0010]

(4) Contra lo tratado durante la cita (4gainst the
agreement made during the appointment)
[Contra lo tratado] [durante la cita]

[000010] [000010]
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1.3. Linguistic accommodation

During conversational interactions such as tutoring,
chatting with friends, and spoken negotiations,
speakers’ verbal behaviors undergo a series of
changes due to the characteristics of their interlocu-
tor and the nature of the interaction itself. This phe-
nomenon, which is pervasively present in every so-
cial interaction, is referred to as linguistic accom-
modation. The process of accommodation is influ-
enced by social, cultural, and personal aspects, in-
cluding perceived social status, social biases, lan-
guage background, perception of attractiveness,
gender, and the desire to gain approval (e.g., Babel,
2011; Giles et al., 1991).

Linguistic accommodation has been studied with re-
spect to several features, including speech rate and
rhythm, pitch level and range, pitch accents, voice
intensity and quality, vowels, pauses, and sentence
duration, phonetic repertoire, regional accent,
speaking and linguistic style, syntactic complexity,
lexical choices, sub-phonemic features, and turn-
taking (for an overview, see Baron, 2023; De Looze
et al., 2014; and Pardo, 2006).

Research on linguistic accommodation has yielded
mixed results, especially concerning phonetic ac-
commodation. Acoustic analyses of the speech sig-
nal during conversations have proven to be incon-
sistent with perceptual judgments of the same inter-
actions (Pardo, 2013; Baron, 2018, 2023). Moreo-
ver, despite convergence (i.e., a symmetric or asym-
metric increase in similarity of diverse linguistic
and paralinguistic features of two or more individu-
als during an interaction) being treated as the default
form of accommodation in conversations, other
types of accommodation, such as proximity (the
maintenance of a certain degree of similarity during
an interaction) or even divergence (an increasing
difference between speakers’ speech features and
associated behaviors), may arise (Heath, 2015; see
also De Looze & Rauzy, 2011, for further types of
accommodation).

In this study, we use the term resemblance as a gen-
eral synonym for similarity, without implying an
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increase or decrease in its degree. In cases where
such a directional change is observed, the terms
convergence or divergence are used, as previously
explained.

There are two predominant theoretical models that
deal with the characteristics of the cognitive-behav-
ioral systems underlying linguistic accommodation:
The Communication Accommodation Theory
(CAT; Giles et al., 1991) and the Interactive Align-
ment Model (IAM; Pickering & Garrod, 2004).
CAT originates from social psychology and socio-
linguistics, emphasizing intentional-social factors
and the adaptive benefits of accommodation. It sug-
gests that adapting to interlocutors' communicative
behavior fosters social approval and efficient com-
munication, linking perceived behavioral similarity
to positive attributions (Ruch et al., 2018).

In contrast, [AM originates from cognitive psychol-
ogy and psycholinguistics, emphasizing mechanis-
tic cognitive processes leading to accommodation.
It posits that mutual understanding relies on adap-
tive processes across various linguistic levels (lexi-
cal, syntactic, semantic). Alignment at these levels
contributes to aligning mental representations, es-
sential for a successful conversation (Ruch et al.,
2018; Xu & Reitter, 2016).

2. Experiments
2.1. Experiment 1: Acoustic task
2.1.1. Participants

Twenty-four native Spanish speakers—12 females
and 12 males—ranging from 18 to 28 years of age
participated in the study. Participants were unac-
quainted before the experiment and had lived in Bo-
gotd (Colombia) for the majority of their lives, en-
suring no different dialects were involved in the ex-
periment. To be part of the study, participants had
to meet three conditions: (1) not present speech or
hearing disorders; (2) not have learned a second lan-
guage during childhood; and (3) not have formal
musical training. The last condition was imposed
because audio—motor training can influence the
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perception of thythm and enhance listeners' sensi-
tivity to metrical deviants (Cason et al., 2015). All
participants were university students who received
compensation in the form of extra course credit.

2.1.2. Stimuli

For the purpose of this study, we created 64 Spanish
sentences, each containing nine syllables and shar-
ing the same syntactic structure: subject + verb +
complement (see Appendix). Every sentence is
composed of six words, all belonging to the 5,000
most frequent words in Spanish (according to Real
Academia Espafiola, 2008). Additionally, each sen-
tence is structured with three accentual feet or ac-
centual groups, each featuring a single strong sylla-
ble and without punctuation.

The sentences were equally divided into four
blocks, with 16 sentences per block. Each block fea-
tured a specific rhythmic structure achieved through
the arrangement of different types of words (oxy-
tones, paroxytones, proparoxytones, and unstressed
words) into regular or irregular accentual feet, and
regular or irregular accentual groups. Regular
groups and feet had a 3 /3 / 3 syllabic distribution,
while irregular groups and feet had a 2 /4 / 3 syl-
labic distribution, as follows (stressed syllables are
represented by a number 1, unstressed syllables by
a number 0, and accentual feet or groups are shown
in brackets):

a) Regular feet (RF)
Mario te vio sin la maquina (Mario saw you

without the machine)
[100] [100] [100]
b) Regular groups (RG)
La casa se vende por partes (The house is sold
by parts)
[La casa] [se vende] [por partes]
[010] [010] [010]
c¢) Irregular feet (IF)
Sol me cuenta de su sabado (So! tells me about

her Saturday)
[Sol me] [cuenta de su] [sabado]
[10] [1000] [100]
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d) Irregular groups (IG)
Mario se nos quedo sin novia (Mario ended up

without a girlfriend)
[Mario] [se nos quedo] [sin novia]
[10] [0001] [010]

In addition, we ensured the avoidance of all forms
of resyllabification between word limits. Voiced
stops, /b/, /d/, and /g/, were avoided in sentence ini-
tial positions to facilitate onset measurement, fol-
lowing the procedure outlined by Spéth et al.
(2016). Within each block of stimuli, neither con-
tent words nor specific combinations of functional
words were repeated. To maintain only two levels
of prominence (stress/no stress), we avoided in-
stances where unstressed words might become
stressed and vice versa. This included scenarios in-
volving focus, nominalization, citation, parentheti-
cals, exclamatory and interrogative sentences (Face,
2003; Hualde, 2009). Additionally, compound
words with two lexical stresses were also avoided.

2.1.3. Procedure

Participants were divided into 12 dyads: four fe-
male-female (FF), four female-male (FM), and four
male-male (MM). Each dyad was tested separately
in a quiet room where participants faced each other,
with a 13-inch PC screen in front of each. The first
member of the dyad was asked to read aloud the
sentence appearing on their screen exactly as writ-
ten, with a declarative intonation and neutral focus
(this aspect of the procedure was implemented con-
sidering the possible role of pitch accents combined
with duration as an additional acoustic correlate of
speech rhythm). The second member of the dyad
was instructed to listen carefully to their interlocutor
(at this point, a drawing of an ear appeared on the
screen) and then repeat the sentence. All partici-
pants were instructed to avoid speech overlaps and
repairs.

To assess lexical accommodation between dyad
members, three category-words, poema (poem), tele
(short for television), and carta (letter), were con-
sistently presented at the top of each participant's
screen. These words appeared above the sentence to

134

Baron-Birchenall

be pronounced or the drawing of an ear, indicating
to listen and repeat. After each sentence was uttered
by one participant and echoed by the other, both par-
ticipants were instructed to categorize the sentence
as related to a letter, a poem, or a TV show. They
did so by verbally selecting one of the three cate-
gory-words. For further details on the rationale be-
hind this task, refer to Section 2.3.2., Lexical repe-
titions.

All four blocks of stimuli (RF, IF, RG, IG) were
read/repeated by all three subgroups of dyads (FF,
FM, MM). The order of reading/repetition of the
blocks of stimuli by each dyad was balanced, and
the order of reading/repetition of the sentences
within each block was randomized. Presentation of
the four blocks of stimuli was preceded by a famil-
iarization block, consisting of six sentences that did
not belong to any of the experimental blocks and
lacked any particular rthythmic pattern.

At the beginning of each session, written informed
consent was obtained from every participant. Partic-
ipants were informed that they would take part in a
study of conversations in Spanish, but no further in-
formation about the aims of the study or specific
characteristics of the stimuli was provided until the
end of the procedure. Sessions were recorded with
an iPad Air 2 (running on 10S 11.4), equipped with
a dual-microphone system that registered speakers'
voices from different directions. Audio files were
recorded at 44,100 Hz, 24 bits, stereo, using the
software Voice Record Pro 3.3.6.

To determine whether participants noticed any dif-
ferences between regular and irregular rhythmic
sentences, as well as between sentences arranged in
feet or in groups, participants completed a brief sur-
vey at the end of each session. The survey inquired
whether they perceived any particular distinctions
between the blocks of stimuli they had just read/re-
peated, aside from considering the meaning and or-
der of presentation.
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2.2. Experiment 2: Perceptual task
2.2.1. Participants (evaluators)

Twenty-four native Spanish speakers—12 females
and 12 males—ranging from 17 to 28 years of age
participated in the study. To be eligible for the ex-
periment, participants had to meet three conditions:
(1) absence of hearing disorders; (2) no acquisition
of a second language during childhood; and (3) no
formal musical training. All participants were uni-
versity students, and they received extra course
credit as compensation for their participation. None
of them had participated in Experiment 1.

2.2.2. Stimuli

Audio files corresponding to pairs of sentences pre-
sented in the first, second, eighth, ninth, fifteenth,
and sixteenth positions were extracted from each
block of stimuli (RF, IF, RG, IG) in each of the 12
dyads' recordings from Experiment 1. This process
allowed us to acquire tokens from the beginning,
middle, and final parts of each dyad's interaction
across all conditions, totaling 24 tokens per dyad
and 288 tokens in total. Each token consisted of the
same sentence produced by both participants in the
dyad. In half of the tokens, participant A read the
sentence and participant B repeated it; in the other
half, the roles were reversed.

Using Audacity 2.0.2 for Mac, the amplitude of
each token’s audio signal was individually normal-
ized, with the peak set at -1.0 dB. This process en-
sured that all stimuli were presented at a similar vol-
ume, while preserving the signal-to-noise ratio and
internal dynamics. Additionally, half a second of to-
tal silence was inserted between each pair of sen-
tences, replacing the original interval time between
them. Another half-second of silence was added at
the beginning and end of each token.

2.2.3. Procedure

Each of the 24 evaluators rated a total of 96 sentence
pairs, corresponding to one subgroup of dyads (FF,
FM, or MM). The order in which dyads were
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assessed by each evaluator was counterbalanced.
Additionally, both the order of block presentation
(RF, IF, RG, IG) for each dyad and the order of to-
kens within each block were randomized.

The stimuli were presented through a pair of Sony
MDR-ZX110 headphones connected to a MacBook
Pro Mid 2012. Each evaluator adjusted the volume
according to their preference. Evaluators were in-
structed to rate the rhythmic similarity between the
two sentences within each token on a five-point Lik-
ert scale, with 1 indicating "not similar at all" and 5
indicating "extremely similar." They were informed
that the second sentence was a repetition of the first
one, and a brief explanation of speech rhythm was
provided. Evaluators were specifically instructed to
focus on the rhythmic aspect of the tokens, disre-
garding the tone of voice, volume, and speech rate
of both members of the dyad. To ensure clarity, a
familiarization block of six tokens was presented.
These tokens were extracted from two previous pi-
lot studies and included pairs of sentences with
high, medium, and low scores in terms of their
acoustic rhythmic resemblance (refer to the data
analysis section). The familiarization block was
scored by each evaluator under the guidance of the
experimenter.

To assess whether evaluators noted any differences
between regular and irregular rhythmic sentences,
as well as between sentences arranged in feet or in
groups, a brief survey was administered at the end
of each session. Evaluators were asked to indicate if
they had perceived any particular distinctions be-
tween the blocks of stimuli they had just rated, dis-
regarding considerations related to meaning and or-
der of presentation.

2.3. Data analysis
2.3.1. Preparation of participants’ recordings

First, the recordings were segmented into pairs of
sentences and pairs of category-words. A text grid
for each pair of sentences (including the silence be-
tween them) was then created using Praat 6.0.20
(Boersma & Weenink, 2017). Subsequently, text
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grids and corresponding audio files were aligned us-
ing the software SPPAS, version 1.7.6 (Bigi, 2015).
The correction and adjustment of aligned text grids,
as well as all subsequent acoustic analyses, were
manually conducted by the experimenter using
Praat 6.0.20.

A total of 1536 sentences were analyzed, and the
following six acoustic-prosodic features were deter-
mined: (1) Total length of each sentence (seconds),
(2) Length of each one of the three feet or groups
within each sentence (seconds), (3) Time elapsed
between the end of participant A’s sentence rendi-
tion and the beginning of participant B’s sentence
repetition within each dyad (seconds), (4) Average
pitch of each sentence (hertz), (5) Minimum pitch
of each sentence (hertz), and (6) Maximum pitch of
each sentence (hertz).

2.3.2. Determination of dependent variables

Using the aforementioned six acoustic-prosodic
features, and the count of the 1536 category-words,
ten dependent variables were determined, as fol-
lows:

Interval time (IT): Time elapsed between the end of
participant A’s sentence rendition and the beginning
of participant B’s sentence repetition (seconds).

F0 mean (FOM): Average pitch of each sentence
(hertz).

FO range (FOR): Pitch range of each sentence
(hertz). It was obtained by subtracting the pitch min-
imum from the pitch maximum in each sentence. In
order to account for cross-sex comparisons, FOR
was also converted to semitones applying the fol-
lowing formula 72 * log2 (pitch maximum / pitch
minimum).

Speech rate (SR): Syllables per second, obtained by
dividing the number of syllables in each sentence by
its total duration. It is important to note that speech
tempo can be measured in different ways, including
speech rate—commonly calculated in syllables per
second or words per minute—and articulation rate
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(Winter & Grawunder, 2012; Schultz et al., 2015).
While both aim to capture aspects of temporal struc-
ture, they differ in how they treat pauses and si-
lences. Speech rate calculations, such as the one
used in this study, include these elements, which are
crucial for capturing prosodic phrasing and the nat-
ural pacing of speech. In contrast, articulation rate
excludes pauses and silences, thereby omitting rele-
vant temporal information (Schultz et al., 2015).

Rhythmic distance (RD): While several methods ex-
ist for measuring prosodic accommodation, there is
no standardized approach (Thomason et al., 2013).
For our purposes, following Spith et al.’s (2016)
procedure, a rhythmic distance score was employed
to determine the degree of rhythmic resemblance
between each reading sentence and its repetition.
This was done comparing the Euclidean distances
of the relative duration of metrical units within each
sentence (in our case, feet or groups). This means
that for each foot/group, from each sentence, for
each participant, there is a single distance measure
that aids to determine the total score of each pair of
sentences. Each foot or group was divided by the
total length of its corresponding sentence before
computing the score, normalizing each pair of sen-
tences for speech rate. Then, the following formula
was applied:

J(@@t = bH*2 + (a2 — b2)"2 + (a3 — b3)"2

Where:
a', a°, @® = relative durations of feet/groups in the
sentence read by the first member of the dyad
(reading).
b’, b, b’ = relative durations of feet/groups in the
sentence repeated by the second member of the

dyad (repetition).

A resulting score value of 0 indicates exact equiva-
lency between participants’ metrical timing patterns
(rhythms), independent of absolute speaking rate.
The farther the resulting score values are from 0, the
more the metrical timing patterns differ from each
other. As Euclidean distances used in this way lack
obvious bound values for the maximum distance but
have some maximum possible discrepancy value
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that remains unknown until specifically computed
(Barrett, 2005), convergence is quantified as a de-
crease in Euclidean distance, indicating an increase
in similarity (Gessinger et al., 2018; Spéth et al.,
2016).

FO mean distance (FOMD): Considering that Eu-
clidean distances allow the comparison of any two
vectors taken across the same variable (Barrett,
2005), and have been used to establish the degree of
distance/similitude of tokens for several linguistic
features, such as the height and slope of pitch ac-
cents (Gessinger et al., 2018), words within a sen-
tence (Ferrer, 2004), vowels' formant frequencies
(Babel, 2010; Pardo et al., 2010), and mean pitch,
mean intensity, and duration of speech preceding
backchannels (Levitan et al., 2011), for our study,
we propose an FO mean distance score to assess the
degree of similarity between the average FO values
of a reading sentence and its repetition. In this case,
as with the rest of the distance measures, a decrease
in Euclidean distance is considered an increase in
similarity between the measured tokens.

However, raw Euclidean distances are sensitive to
the scaling of each constituent variable, which may
lead to misinterpretations when comparing varia-
bles with different score ranges, as is the case with
acoustic-prosodic features of women and men (Bar-
rett, 2005). To tackle this challenge, we individually
scaled the FO mean distance score for each of the
twelve dyads using the scale() function in the R
software.

F0 range distance (FORD): Employing a similar ra-
tionale as the FO mean distance score, we utilized an
FO range distance score to assess the degree of dis-
tance/similarity between the FO range values of a
read sentence and its repetition. The resulting values
were subsequently z-scored by dyad.

Speech rate distance (SRD): We utilized a speech
rate distance score based on Euclidean distances to
assess the degree of distance/similarity between the
speech rate values of a read sentence and its repeti-
tion. Considering that the sentences being compared
are identical in terms of syllables and words, we
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assume that the distance between their total dura-
tions corresponds to the distance between the
speech rates of the dyad members. This approach
allowed us to avoid the double transformation of
data from total length to syllables per second to dis-
tance score. Resulting values were subsequently z-
scored by dyad.

Lexical repetitions (LR): Given that the recurrent
use of the same term by different individuals during
a conversation to refer to an object or situation is
considered an instance of lexical convergence (e.g.,
Brennan & Clark, 1996), and considering the poten-
tial for enormous variability in people's lexical
choices, making it unlikely that two individuals use
exactly the same term during a conversation to refer
to a specific action or subject (Brennan, 1996), we
decided to establish a small and explicit list of lexi-
cal choices to assess whether any of the conditions
would lead to a greater amount of lexical repetitions
between the members of each dyad. The LR varia-
ble indicates the number of times both participants
classified a sentence with the same category-word:
(a) poema (poem), (b) tele (short for television), or
(c) carta (letter). In this case, the aim is not to find
a “correct” category for each sentence, but rather to
establish if there is a tendency to repeat the choice
of the other member of the dyad (lexical conver-
gence).

Perceptual rating (PR): This variable corresponds
to the rhythmic similarity ratings obtained through
the five-point Likert scale used in Experiment 2,
with 1 indicating "not similar at all" and 5 indicating
"extremely similar."

2.3.3. Statistical analysis

All statistical analyses were conducted using R (R
Core Team, 2017) with the packages ImerTest
(Kuznetsova et al., 2017), influence. ME (Nieu-
wenbhuis et al., 2012), and MASS (Venables & Rip-
ley, 2002). Linear mixed-effects models were em-
ployed for the analyses, except for the lexical repe-
tition variable (LR), which will be discussed later.
P-values and Satterthwaite approximations for de-
grees of freedom (rounded to integers) are provided
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for each model. For the validity of linear mixed-ef-
fects models in Likert-scale data analysis, refer to
Kizach (2014) and Norman (2010). A design-driven
model selection was carried out to determine the
fixed and random effects of the models (see Park et
al., 2020). The inclusion of subject-specific (dyad or
participant) or item-specific slopes was determined
on a case-by-case basis, identifying the largest
model that converged and comparing it to the inter-
cept-only model, as described by Barr (2013).

Five variables were included as fixed-effect factors
in the analysis: (1) rhythmic regularity, coded as
STRCT, with two levels: regular/irregular; (2) type of
phrasing, coded as UNIT, with two levels:
groups/feet; (3) type of dyad, coded as SEX, with
three levels: FF (female-female), FM (female-
male), and MM (male-male); (4) half of the test (i.e.,
first or last half of the 16 sentences comprising each
block of stimuli), coded as HALF, with two levels:
first/last, and (5) mode of rendition, coded as MODE,
with two levels: reading/repetition.

To address the independence of observations, two
variables were employed as crossed random effects
(Baayen, 2008). For models with dependent varia-
bles obtained through paired measures (interval
time and distance scores), as well as the perceptual
rating model, the crossed random effects included:
(1) the 64 sentences used as stimuli, coded as ITEM,
with one level for each sentence; and (2) the 12 dy-
ads, coded as DYAD, with one level for each dyad.
For models with a dependent variable obtained
through individual measures (FO range, FO mean,
and speech rate), the crossed random effects com-
prised: (1) the 64 sentences used as stimuli, coded
as ITEM, the same as in the other models; and (2) the
24 individual participants, coded as PTCP, with one
level for each.

Since the raw data did not reveal substantial differ-
ences in lexical repetitions concerning STRCT or
UNIT, a binomial logistic regression was employed
to assess the significance of observed variations be-
tween types of dyads (SEX) (note that the data for
the three dyad types, FF, FM, and MM, consist of
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independent observations). In this context, P-values
are determined through likelihood ratio chi-square
tests.

2.4. Hypothesized results

Considering previous findings showing that listen-
ers extract thythmic beats from their interlocutors’
utterances during conversation—beats that, in turn,
influence their own productions (Schultz et al.,
2015); that listeners process information more
quickly within syllables expected to bear stress
based on prior prosodic context (Brown et al.,
2015); that repeated exposure to speech reduces
processing time and neural activation, while multi-
ple repetitions enhance memory and learning (Falk
et al., 2014); and that speech rhythm resemblance is
greater in metrically regular sentences than in irreg-
ular ones (Spéth et al., 2016)—we expect the fol-
lowing effects to emerge in our study.

During interactions involving regular rhythmic sen-
tences, the time between hearing and repeating ut-
terances should be shorter (H1); distance measures
between speakers should be smaller (H2); and lexi-
cal repetitions should be more frequent (H3)—com-
pared to interactions involving irregular rhythmic
sentences. Furthermore, considering that in South
American Spanish, accentual groups tend to be
more uniform in duration than syllables or accentual
feet (Toledo, 1988), these effects should be stronger
in interactions involving sentences arranged in ac-
centual groups than in those arranged in accentual
feet (H4).

In addition, the study examines variation in FO
range and mean, speech rate, and mode of rendition
(reading vs. repetition) across rhythmic (STRCT) and
phrasing (UNIT) conditions, providing novel insights
into how these variables may relate to interlocutor
accommodation.

3. Results

Next, each dependent variable is discussed individ-
ually. Table 1 presents an overview of the results.
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Rhythmic Phonological Half of the test Mode of Type of Dyad (SEX)
regularity (STRCT) | phrasing (UNIT) (HALF) rendition (MODE) P v

Regular | Irregular | Groups Feet First Last | Read. | Repeat. Female Mixed Male

only only

RD I;}S‘tythmlc 0.053 | 0.065 | 0060 | 0.058 | 0.058 | 0.060 | — | — | 0.053 |0.064 | 0.060

IT ?Sl)terval UMCl 0613 | 0.664 | 0660 | 0.617 | 0.642 | 0635 | — | — | 0.600 | 0.575 | 0.740

FOR fgzr)ange 7896 | 8830 | 8036 | 8691 | 84.94 | 82.33 | 9143 | 7584 |103.13 | 86.42 | 6135

FORD Eitra“ge 1076 | 1201 | 1.076 | 1201 | 1123 | 1153 | — | — | 0967 | 1316 1.132

FOM ’(Fg;‘ean 181.56 | 183.62 | 180.77 | 184.42 | 182.57 | 182.61 | 185.88 | 179.30 | 227.64 |189.78 | 130.35

MDD S| 1se1 | 1620 | 1583 | 1607 | 1587 | 1603 | — | — | 1371 | 1943 | 1472

1S (Sg’/z;c}‘ e 54y | 528 | 545 | 525 | 540 | 530 | 517 | 553 | 493 | 539 | 573

SRD gfs‘:e"hrate 094 | 100 | 098 | 096 | 097 | 097 | — | — | 097 | 1.04 | 090

I (LI;X‘C"‘“ep‘ 158 163 164 | 157 | 150 | 1711 | — — | 116 | 91 | 114
PR Percept.

rating 322 | 320 | 322 | 320 | 329 | 314 | — | — | 307 | 356 | 301
(Likert)

Table 1. General results. All distance scores are based on Euclidean distances, where lower scores indicate a higher
degree of similarity.

3.1. Experiment 1: Acoustic task Rhythmic distance score (RDS)

by regularity of the sentences (STRCT) and type of phrasing (UNIT)
3.1.1. Rhythmic distance (RD) e X :
There was a significant effect of the factor STRCT 015 T o )
(F(1,60) = 22.59; p < 0.001), but not of UNIT 3
(F(1,60)=0.62; p =0.433), SEX (F(2,9)=1.61;p = ® 410 3 :

0.253), or HALF (£(1,749) = 0.93; p = 0.336). Addi-

tionally, there was a significant interaction effect for

STRCT X UNIT (F(1,60) = 4.50; p < 0.05). After a

square root data transformation applied to resolve a

deviation from homoscedasticity a significant inter- > : :

action of SEX X HALF (F(2,750) = 3.54; p = 0.029) e e ey G e G
was lost, and was replaced by (F(2,750) =2.67; p =
0.069). Hence, rhythmic distance was closer in met-
rically regular sentences compared to irregular sen-
tences, and this effect was greater in sentences ar-
ranged by groups than in sentences arranged by feet
(see Figure 1).

"
|—

0.05

I
——

STRCT * UNIT

Figure 1. Rhythmic distance score (RDS) by regularity
of the sentences (STRCT) and type of phrasing (UNIT).

139



EFE 34

3.1.2. Interval time (IT)

There were no significant effects of any of the fac-
tors: STRCT (F(1,30) = 2.09; p = 0.159), UNIT
(F(1,23) =2.57; p = 0.123), SEX (F(2,15) = 0.86; p
= 0.442), or HALF (F(1,716) = 0.08; p = 0.779).
Also, no significant interactions between predictors
were found.

3.1.3. FO range (FOR)

There were significant effects of the factors STRCT
(F(1,48)=10.45; p<0.01), UNIT (F(1,57) =7.81; p
< 0.01), SEX (F(2,21) = 7.87; p < 0.01), HALF
(F(1,1421) = 11.32; p < 0.001), and MODE
(F(1,1376)=288.55; p<0.001). Additionally, a sig-
nificant interaction effect was found for the factors
HALF X SEX (F(2,1424) = 3.04; p < 0.05). Conse-
quently, participants’ FO ranges were narrower in
metrically regular sentences compared to irregular
ones, in sentences arranged by group compared to
sentences arranged by feet, and during repetition
compared to reading. Also, FO ranges were nar-
rower in male-only dyads compared to female-only.

Additionally, participants’ FO ranges were narrower
during the last half of the interaction, especially in
female-only dyads, and to a lesser extent in mixed
dyads. Conversely, participants’ FO ranges were
slightly wider during the last half of the interaction
in male-only dyads (see Figure 2). In this respect,
when the model was calculated without female-only
dyads, the significance of SEX disappeared (F(1,14)
=3.39; p = 0.087), as well as the interaction effect
for SEX X HALF (£(1,955) = 1.96; p = 0.162) (All the
other interactions remaining). This fact indicates
that the SEX x HALF interaction, as well as the main
difference in SEX regarding FO range, must only be
considered for female-female dyads. Furthermore,
when measured in semitones, there was a significant
difference between the FOR of women (M = 7.67,
SD = 2.18) and men (M = 8.13, SD = 2.35),
t(1525.2) =-4.02, p = 6.024e-05.
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FO0 range (FOR) (hertz)
by half of the test (HALF) and type of dyad (SEX)
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200 4

- --‘}OO om 0O
o

150 —

FOR (hertz)
aDe

100 —

50 4

-

-
T T T T T T
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—_

HALF * SEX

Figure 2. FO range (FOR) (hertz) by half of the test
(HALF) and type of dyad (SEX) (FF: Female-Female;
FM: Female-Male; MM: Male-Male).

3.1.4. FO range distance (FORD)

There was a significant effect of the factor UNIT
(F(1,61)=4.98; p <0.05), but not of STRCT (F(1,61)
=1.79; p = 0.187), SEX (F(2,9) = 1.76; p = 0.226),
or HALF (F(1,747) = 0.01; p = 0.939). Additionally,
there was a significant interaction effect for STRCT
X SEX (F(2,690) = 5.56; p < 0.01). Hence, the dis-
tance between interlocutors’ FO ranges was closer in
sentences arranged by groups than in sentences ar-
ranged by feet. Additionally, FO range distances
were closer in metrically regular sentences com-
pared to irregular ones, especially in mixed dyads,
and to a lesser extent in female-only dyads. Con-
versely, metrically irregular sentences were slightly
closer in terms of FO range distances with respect to
regular sentences in male-only dyads (see Figure 3).
When the model was calculated without mixed dy-
ads, the interaction effect for STRCT x SEX disap-
peared (£(1,439) = 0.57; p = 0.45) (With the UNIT
interaction remaining). This fact indicates that the
STRCT x SEX effect must only be considered for fe-
male-male dyads.
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FO range distance (FORD)
by regularity of the sentences (STRCT) and type of dyad (SEX)

o

FORD
om o 00 o
@

Irregular FF  RegularFF  Irreqular.FM  Regular.FM Iregular MM Regular. M
STRCT * SEX

Figure 3. FO range distance (FORD) by regularity of the
sentences (STRCT) and type of dyad (SEX) (FF: Female-
Female; FM: Female-Male; MM: Male-Male).

3.1.5. F0 mean (FOM)

There were significant effects of the factors STRCT
(F(1,50)=7.45; p<0.01), UNIT (F(1,47)=11.13; p
<0.01), SEX (F(2,21)=13.84; p<0.001), and MODE
(F(1,1378) = 478.48; p < 0.001), but not of HALF
(F(1,1418) = 0.07; p = 0.794). Additionally, a sig-
nificant interaction effect was observed for MODE X
UNIT (F(1,1378) =10.99; p <0.001). Consequently,
participants’ FO means were lower in metrically reg-
ular sentences compared to irregular ones, and in
sentences arranged by group compared to those ar-
ranged by feet. Moreover, participants’ FO means
were lower in male-only dyads compared to female-
only dyads, and FO means were lower during repe-
tition than during reading, with a greater effect ob-
served in sentences arranged by feet compared to
those arranged by groups.

3.1.6. F0 mean distance (FOMD)

There was a significant effect of the factor SEX
(F(2,13)=7.68; p<0.01), but not of STRCT (F(1,12)
=0.13; p=0.726), UNIT (F(1,15)=0.00; p = 0.953),
or HALF (£(1,725)=0.01; p=0.911). No significant
interactions between predictors were found. Hence,
the distance between interlocutors’ FO means was
closer in female-only and male-only dyads com-
pared to mixed dyads. This is an expected result, as
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mixed dyads’ scores are calculated by comparing
FO means of women with FO means of men, which
are “far” from each other in terms of Euclidean dis-
tances and “further away” compared to same-sex
dyads. Moreover, when the model was calculated
without mixed dyads, the significant effect of the
factor SEX was lost (F(1,9) = 0.58; p = 0.465), indi-
cating no difference between same-sex dyads in
terms of FO mean distance.

3.1.7. Speech rate (SR)

There were significant effects of the factors SEX
(F(2,21)=4.23; p<0.05), HALF (F(1,1388)=11.11;
p < 0.001), and MODE (F(1,1376) = 251.55; p <
0.001), but not of STRCT (F(1,72) = 1.65; p = 0.203)
or UNIT (F(1,70) = 3.33; p = 0.072). Additionally, a
significant interaction effect for HALF X SEX was ob-
served (F(2,1389) =3.93; p <0.05). Hence, partici-
pants spoke faster during sentence repetition than
during reading, and in the male-only dyads com-
pared to the female-only dyads. Moreover, speech
rate was higher during the first half of the interac-
tion, particularly in male-only dyads and, to a lesser
extent, in mixed dyads. Conversely, speech rate was
slightly lower during the first half of the interaction
in female-only dyads (see Figure 4).

Speech rate (SR) (syllables*sec)
by half of the test (HALF) and type of dyad (SEX)

SR (syllables™sec)

1
—_ I
H _
—_

' |
|

T T T T T T
First FF LastFF  FirstFM  LastFM  First MM LastMM

HALF * SEX

Figure 4. Speech rate (SR) (syllables/sec) by half of the
test (HALF) and type of dyad (SEX) (FF: Female—Fe-
male; FM: Female—Male; MM: Male—Male).
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3.1.8. Speech rate distance (SRD)

No significant effects were observed for any of the
factors: STRCT (F(1,61) = 0.50; p = 0.484), UNIT
(F(1,61)=0.12; p=0.730), SEX (F(2,9) =0.50; p =
0.620), or HALF (£(1,749) =0.01; p = 0.919). Addi-
tionally, no significant interactions between predic-
tors were found.

3.1.9. Lexical repetitions (LR)

The factor SEX showed statistical significance (y~ =
6.2778, df =2, p <0.05), suggesting a higher occur-
rence of lexical repetitions between participants in
same-sex dyads compared to participants in mixed-
sex dyads.

3.1.10. Participants' survey

Here, we present key remarks made by participants,
each followed by a numerical indication of how
many participants shared a particular observation.
Participants referred to the stimulus blocks as "the
first one," "the one in the middle," or similar terms,
as they were not aware of the actual names of the
blocks. Some common observations include the dif-
ficulty in uttering (1), reading (8), or repeating (3)
articles such as las and pronouns like /es and nos.
Notably, these articles and pronouns were present in
all stimulus blocks, but certain combinations within
irregular groups and regular feet seemed to pose
challenges for the participants. Other observations
highlighted the difficulty in reading regular feet (3),
irregular groups (2), or irregular feet (2). Surpris-
ingly, irregular groups were considered easier to ut-
ter (2) or read (1).

3.2. Experiment 2: Perceptual task
3.2.1. Perceptual rating (PR)

There were significant effects observed for the fac-
tors SEX (F(2,10) = 11.71; p < 0.01) and HALF
(F(1,301) = 5.86; p <0.05), while no significant ef-
fects were found for STRCT (F(1,16) = 0.47; p =
0.503) or UNIT (F(1,11) = 0.11; p 0.751).
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Additionally, a significant interaction effect was
identified for UNIT x SEX (F(2,11) =4.58; p <0.05).

Hence, sentences of mixed dyads were rated more
similar to each other with respect to female-only and
male-only dyads, and sentences uttered during the
first half of the interaction were rated more similar
to each other with respect to the last half. Addition-
ally, in mixed and male-only dyads sentences were
rated more similar to each other in terms of thythm
when they were arranged by feet, while in female-
only dyads they were rated more rhythmically sim-
ilar when arranged by groups. The results indicate
that sentences in mixed dyads were rated more sim-
ilar to each other compared to female-only and
male-only dyads. Moreover, sentences uttered dur-
ing the first half of the interaction were rated more
similar to each other than those in the last half. No-
tably, in mixed and male-only dyads, participants
tended to rate sentences as more rhythmically simi-
lar when arranged by feet, while in female-only dy-
ads, a higher perceived rhythmic similarity was as-
sociated with sentences arranged by groups.

3.2.2. Evaluators' survey

Here, we present key remarks made by evaluators,
each followed by a numerical indication of how
many evaluators shared a particular observation. It
is important to note that evaluators participating in
the perceptual task were not aware that the first sen-
tence of each pair was read. Observations included
instances where some individuals omitted the final
“s” in certain words (5), added a final “s” to some
words (1), or lengthened the final “s” in specific
words (1). Additionally, evaluators noted variations
in the pace of speech (6), with the understanding
that this refers to differences between individuals
rather than differences between types of sentences.
Other observations included changes in words dur-
ing repetitions (4), mistakes made by some partici-
pants (3), and the perception that some utterances
were more challenging to articulate than others (2).
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4. Discussion

While the influence of speech rhythm on linguistic
interactions is well-established, the underlying
mechanisms remain elusive, particularly in Span-
ish-speaking contexts. In this study, we examined
the impact of speech rhythm on linguistic accom-
modation during dyadic interactions, examining
both its acoustic and perceptual dimensions.

Our results replicated previous studies, showing that
men exhibit faster speech rates than women (Cohen
et al., 2017; Weirich & Simpson, 2014). However,
contrary to previous findings suggesting that spon-
taneous speaking tends to be slower than reading in
both women and men (Lass & Sandusky, 1971;
Snidecor, 1943), our findings revealed that partici-
pants spoke faster during sentence repetition than
during reading. Crucially, all sentences in our study,
whether spoken or read, were of equal length and
lacked punctuation or other indicators of pauses.
Despite this uniformity, participants introduced "ir-
regular" pauses within some sentences, as indicated
by acoustic analyses and participant reports in the
survey following the perceptual task. From a cogni-
tive perspective, it is essential to recognize that re-
peating and reading are not totally equivalent tasks,
since repetitions, benefiting from the recent mental
activation of the same sentence, tend to be faster
than readings.

We also found that female-only dyads exhibited
narrower FO ranges and higher speech rates during
the interaction's latter half compared to the initial
phase. This is one of the few time-related accommo-
dation effects identified in this study and might be
attributed to task-induced fatigue. In this context,
the speech rate might have increased towards the
end of the task to expedite completion, and the FO
range may have become flatter, as commonly ob-
served in the speech of fatigued individuals. An-
other possibility is that the observed increase in
speech rate during the second half of the interaction
was a consequence of accommodation taking place
during the first half. This explanation aligns with the
finding that sentences uttered early in the interaction
were perceptually rated as more similar to each
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other compared to the later sentences. However, no
effects of HALF (the first or last half of the test) were
observed in any of the distance measures. Addition-
ally, male-only, and mixed dyads exhibited the op-
posite pattern, tending to speak slower towards the
end of the task.

We also observed a higher degree of lexical conver-
gence, measured as word repetitions, between par-
ticipants in same-sex dyads compared to mixed dy-
ads. This influence of the interlocutors' gender on
dyadic accommodation is partially consistent with
Street's (1984) study, where male-only dyads
tended to converge in turn duration, while female-
male dyads tended to diverge. Simultaneously, in
our perceptual task experiment, sentences from
mixed dyads were rated as more similar to each
other compared to sentences from female-only and
male-only dyads. Besides, similar to some other
studies (e.g., Kawasaki et al., 2013; Thomson et al.,
2001), no further significant differences between
men and women in terms of accommodation were
observed.

A crucial result of this research is the observed in-
crease in rhythmic resemblance—reflected in
smaller FEuclidean distances—among Spanish
speakers facilitated by sentence-level temporal reg-
ularity (supporting H2; see Section 2.4). This find-
ing aligns with the results presented by Spith et al.
(2016) for German healthy speakers and patients
with Parkinson’s disease. Also, the heightened ef-
fect of rhythmic distance being closer in metrically
regular sentences—especially in those arranged by
accentual groups—supports H4 and is consistent
with previous reports indicating greater temporal
regularity in accentual groups compared to accen-
tual feet in Spanish (Almeida, 1997; Mora et al.,
1999; Toledo, 1988).

A potential explanation for accentual groups exhib-
iting closer rhythmic distances lies in the concept of
sirrema proposed by Quilis (1993). According to
this concept, a sirrema is a group of two or more
words forming a grammatical, melodic, and seman-
tic unit. Various combinations, such as article +
noun, noun + adjective, and conjunctions + the
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connected element, can constitute a sirrema. Im-
portantly, there is typically no pause between the
words within a sirrema during utterance under nor-
mal circumstances (Spang, 1983).

In this scenario, structural relations between the
components of a sentence determine to a certain ex-
tent the way in which such sentence is phrased. Un-
like accentual feet, which depend mostly on metric
relations at the phonological level, accentual groups
also rely on syntactic connections between words.
Therefore, it is possible that the typical phrasing of
the accentual group, deep-rooted in Spanish speak-
ers, might have impeded the "correct" phrasing of
the Regular feet block of stimuli —[100] [100]
[100]—, resulting in an accentual non-regular
phrasing and, consequently, less rhythmic resem-
blance.

Regarding accommodation theories, the significant
impact of metrical regularity within accentual
groups, which depend on relations across different
linguistic levels, and the fact that post-experiment
surveys suggest participants were not consciously
aware of the phrasing and regularity dichotomy,
both align with the idea that rhythmic accommoda-
tion operates through a multilevel non-conscious
mechanism, such as the one described by the inter-
active alignment model (IAM) (Garrod & Picker-
ing, 2004; Xu & Reitter, 2016). In this context, the
stronger impact of regularity on increasing rhythmic
resemblance within accentual groups may have con-
tributed to the heightened similarity observed in the
FO ranges between speakers within these groups.
Similarly, the same rationale could be applied to the
regular/irregular distinction, although in this case,
only mixed dyads showed closer pitch range dis-
tances in metrically regular sentences.

Apart from the results just mentioned, no other hy-
potheses regarding the effects generated by conver-
sational interactions involving regular rhythmic
sentences and sentences arranged in accentual
groups were confirmed, including the absence of
significant differences in the number of lexical rep-
etitions between rhythmic conditions (offering no
support for H3). This lack of significant results
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could be due to at least two reasons: there were in
fact no differences between the experimental condi-
tions with respect to such variables, or, more likely,
the methodological approach employed in this re-
search was unable to determine further differences
between conditions.

Similarly, no differences were found in response
times between hearing and repeating sentences
cross conditions, suggesting that processing differ-
ent rhythmic regularities and phonological phrasing
may rely on relatively automatic mechanisms, in-
volving a consistent cognitive load across condi-
tions (no support for H1). However, this finding di-
verges from previous research reporting faster pro-
cessing of metrically regular utterances and quicker
access to syllables expected to bear stress based on
rhythmic patterns (Brown et al., 2015; Mooney &
Sullivan, 2015).

In this respect, we acknowledge that reading and
pronunciation difficulties reported by some partici-
pants may have influenced overall response times,
despite our statistical analysis precautions. To ad-
dress this, involving model talkers in future research
could help maintain the intended "pure" rhythmic
patterns. Alternatively, testing participants with a
computer-generated perfectly regular rhythm might
offer a controlled environment for studying pure
rhythmic patterns.

It is noteworthy that no convergence effects were
observed during the experiments. Instead, sentences
uttered during the first half of the interaction were
perceptually rated as more similar to each other
compared to sentences uttered during the last half.
It is important to highlight that the measurement of
accommodation in this study was based on the con-
cept of similarity rather than convergence. There are
alternative approaches that focus on the temporal
development of accommodation, and some of these
may be considered for future research (see De
Looze et al., 2014, for an overview). Despite this,
the results concerning the effect of HALF (half of the
test) and visual inspections of the similarity levels
between speakers during each experimental block
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did not indicate an increase in any of the tested var-
iables.

Looking from another perspective, the limited defi-
nition of rhythm used in this study (specifically,
rhythm as a temporal iteration of strong and weak
values of stressed and unstressed syllables) may be
considered a limitation of our approach. For in-
stance, such a definition might not be suitable for
tone or pitch-accent languages. Future research
would benefit from analyses based on broader defi-
nitions of speech rhythm. Additionally, exploring
different types of feet and group arrangements, in-
cluding materials where feet are completely en-
closed within words, could provide valuable in-
sights.

Regarding the coherence between acoustic and per-
ceptual measurements, our experiments revealed
contrasting patterns. Sentences were perceived as
more similar when arranged by feet and spoken by
mixed or men-only dyads. Conversely, acoustic
analyses indicated greater rhythmic similarity in
sentences arranged by groups and uttered by
women-only dyads. These conflicting results con-
tribute to the existing inconsistencies between
acoustic and perceptual data in studies of linguistic
accommodation, which were mentioned earlier.
Likewise, they complicate the interpretation of H2,
highlighting the need for caution when inferring
perceptual similarity solely from acoustic distance.

In our study, although participants were explicitly
instructed to focus on rhythmic differences, their
judgments likely reflected a broader range of acous-
tic characteristics beyond the intended rhythmicity.
It is also possible that they relied on dimensions that
varied systematically across utterances, such as
pitch, articulation, or intensity. Moreover, perceived
rhythmic salience, rather than actual rthythmic simi-
larity, may have driven their ratings. These consid-
erations suggest that a different experimental design
would be required to more confidently determine
whether temporal regularity directly influences per-
ceived rhythmic similarity.
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Finally, our data revealed that pitch ranges were
narrower, and the average pitch was lower in metri-
cally regular sentences compared to irregular ones,
as well as in sentences arranged by groups com-
pared to those arranged by feet. Although no spe-
cific hypotheses were formulated regarding these
acoustic-prosodic features, these results may reflect
the influence of temporal regularity and phonologi-
cal phrasing on vocal dynamics. One plausible ex-
planation is that the greater temporal regularity of
sentences arranged by groups induced a habituation
effect, making the speech less dynamic and result-
ing in a flatter pitch range. This flatter pitch range,
in turn, may account for the lower average pitch.

5. Conclusion

Our findings indicate that temporally regular itera-
tions of stressed and unstressed syllables, organized
into accentual groups, promote greater speaker re-
semblance in rhythm and FO range compared to ir-
regular iterations structured by accentual feet. Fur-
thermore, the results show that both rhythmic regu-
larity and phonological phrasing influence not only
similarity between speakers, but also the mean and
range of their fundamental frequency during con-
versational interactions. Regarding the psychologi-
cal basis of linguistic coordination, the significant
impact of metrical regularity within accentual
groups—whose structure depends on relationships
across multiple linguistic levels—combined with
participants’ lack of conscious awareness of rhyth-
mic patterns (as indicated in post-experiment sur-
veys), supports the notion that rhythmic accommo-
dation operates through a multilevel, non-conscious
mechanism, consistent with the interactive align-
ment model.
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Appendix: Complete list of sentences used in Experiment 1

Regular groups

El padre te quiere con ganas
El carro los trae de vuelta

La Iluvia se siente de cobre
La madre los llama sin cargo
Las noches les pasan de largo
Las nifias les muestran las caras
Los casos le salen por miles
Los malos lo sufren sin rabia
Los nifios nos tienen tu gato
Mi prima le saca las fotos

Mi novia se lleva tu nota

Su perro te llena de barro

Su casa se cae por partes

Tu lora lo dijo con gracia

Tu primo nos paga las cuentas

Tus gastos nos dejan sin plata
Irregular groups

Alba me le subi6 de precio
Ana me les cambio la vida
Angel te lo pasé de lado
Carlos te la mostré con fotos
Carmen te las perdié por miedo
Clara te los jugo6 sin ganas
Ella nos los neg6 por plata
Ellas me los tendran si quieren
Laura nos lo pidio sin gracia
Mario se nos quedo sin casa
Marta se las dara si paga
Pablo se le sali6 con rabia
Paco nos la sac6 del barro
Pedro nos las vera si puede
Sara se les llevo la lora

Sergio me lo crey6 del todo

The father likes you a lot

The car brings them back

The rain feels like cooper

The mother calls them for free
The nights passed them by

The girls show their faces to him
The cases are numerous for him
Bad people suffer it without rage
The kids keep your cat for us
My cousin takes his pictures

My girlfriend takes your note away
His dog gets you muddy

His house falls apart

Your parrot said it gracefully
Your cousin pays us the bills

Your expenses leave us without money

Alba raised the price for me

Ann changed their lives for me

Angel passed it edgewise to you
Charles showed it to you with photos
Carmen lost them for fear

Clara unwillingly played them to you
She denied them to us for money

They will keep them for me if they want
Lora gracelessly asked us for it

Mario was left homeless

Martha will give them to her if she pays
Paul got away from him in anger

Paco took it out of the mud for us

Peter will see them for us if he can
Sarah took the parrot away from them

Serge totally believed me
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Regular feet

El me la trae sin crédito

El te la cambia por maquinas
Flor se te sale del médico
John me le compra la férmula
Juan se la sabe sin calculos
Luis me los paga con dolares
Luz nos los tiene sin pérdidas
Mar me lo cuenta los miércoles
Juan te los llama con musica
Paz nos la debe del sabado
Paul se les rie tras camaras
Rey nos las guarda con codigo
Sol te lo lleva del publico

T nos lo cuentas con método
Yo se lo digo sin lagrimas

Yo te las cambio por pajaros
Irregular feet

El me siente de su publico

El se rie de mi sindrome

Flor le debe por los musicos
John le paga sin tu férmula
Juan lo quiere sin los titulos
Luis la lleva con sus lideres
Luz lo guarda tras la cdmara
Mar nos cuenta de tus pérdidas
Juan nos dijo de la practica
Paz lo tiene con su plastico
Paul me nota por mis musculos
Rey los compra con tus dolares
Sol se cae tras las maquinas

T los llamas por sus términos
Yo las cuento sin la técnica

Yo te veo tras mis lagrimas

Baron-Birchenall

He brings it to me without credit

He trades it with you for machines
Flor gets away from the doctor's office
John buys the formula for me

John knows it without calculations
Lewis pays them to me with dollars
Luz keeps them for us without losses
Mar tells it to me on Wednesdays
John calls them for you with music
Paz owes us for Saturday

Paul laughs at them behind the cameras
Ray keeps them for us with a code

Sol brings it to you from the public
You tell it to us with a method

I tell it to him without tears

I trade them with you for birds

He considers me a part of his audience
He laughs at my syndrome

Flor owes him for the musicians
John pays him without your formula
John wants it without the titles
Lewis brings her with his leaders
Luz keeps it behind the camera

Mar tells us about your losses

John told us about the practice

Paz keeps it with its plastic

Paul notices me for my muscles

Ray buys them with your dollars

Sol falls down behind the machines
You refer to them by their terms

I count them without the technique

I see you behind my tears

150



